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We discuss the different characteristic time scales of the x-ray absorption fine strQti#8), v, and
Mossbauer spectroscopilS), s, techniques for structural determination at small-length scales. We show
that XAFS and MS can measudifferentlocal atomic arrangements in Lg ,Eu, 1;51,CuQ, provided the
local structural units are dynamical. Combined knowledge from these complementary techniques is used to
determine that the local tilts of the Cy@©ctahedra do not vanish with temperature but are dynamic, with the
oxygen atoms at the apex positior®¥2)] hopping among local minima of the energy’s surface. Evidence is
found for a crossover between different time domains in which the hopping timeshanges fromry< g
to 79> Tvs. We conclude that the Misbauer resulfgPhys. Rev. B54, R800(1996)], contrary to the authors’
conclusions, do not contradict our XAFS resulhys. Rev. Lett76, 439(1996)]. [S0163-18208)06413-3

In a recent report,Friedrich et al. presented Mssbauer atoms to move(lattice times 7i,4~10 *3sed, XAFS mea-
data at the L&Eu) site in the title compound as a function of sures the instantaneous distribution of atoms around the ex-
Sr doping and temperature. The measured reduction in theited probe atoms, averaged over all such atoms.
qguadrupole interaction parameteQV,,, was attributed to The Massbauer “clock” is determined by the lifetime of
changes in the magnitude of thecal CuQ; octahedra tilts the nuclear excited state. For the (7/2) state "8fEu,
consistent with theaveragetilts measured by diffraction 7ys~1.4X10 8sec and hence the Msbauer technique av-
techniqueg,i.e., they gradually decrease with increasing Srerages over a time much longer than both XAFS and lattice
doping (at T=300 K) and with increasing temperature to times. If the dominant characteristics of the local structural
vanish at the low temperature orthorhomiicrO) to high  SRO are static, the local environment measured by both
temperature tetragon@HTT) structural phase boundary. techniques should be equivalent. However, if the local struc-

XAFS measurements at the La site have deternfitieat  tural units are dynamical, e.g., fluctuating tilts of Gu@ta-
the local CuQ; octahedra tilts in La_,Sr,CuQ, persist well  hedra over different local minima of the potential energy’s
into the HTT phase and that the LTO to HTT phase transi-surface] XAFS and Masbauer may give different answers
tions include an order-disorder component, i.e., the £uOthat will depend on the characteristic time scale of the dy-
octahedra become disordered with one another to result inamical phenomena. In fact, these different time averages
the average zero tilt measured by diffraction technigues. can be combined to learn about the time scale of dynamical
Since both MS and XAFS probe the short-range of&®0  processes in condensed matter.
in the atomic arrangement about the probe atoms, it was At low temperature, the system settles in its lowest energy
concluded by Friedriclet al. that these findings seem to be state, i.e., low temperature tetragoflar T) for the title com-
contradictory to each other. However, what is relevant to thgpound (0.085x=0.25), with CuQ@ octahedra tilted about
discussion here is that MS and XAFS probe the SRO with d110-type axis(Bmabspace-group notatiorand LTO for
differenttemporalaveraging. La,_,Sr,CuQ,, with CuQ; octahedra tilted aboytl00-type

The XAFS “clock” is determined by the lifetime of the axis. Introduction of Sr ultimately leads to the HTT phase
excited state produced when an electron is removed from which is stabilized at low temperature for Sr concentrations
deep core atomic state of the probe atbimg the incoming  of x=0.3,0.21 for Eu-doped and undoped,LaSr,CuQ,,
x-ray photon. For the L&-edge(1s statd excitation, this respectively>® XAFS revealed that, whereas the Sr-induced
lifetime is ~3x10" " sec, during which the coherence of LTO to HTT phase transition at low temperature is displa-
the outgoing and backscattered photoelectron waves is preive up tox~0.15, with the local tilt angle decreasing in
served. Since this time is much shorter than the time fomgreement with the average structure restfitthe tilt angle
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stops changing and fails to vanish at the phase boundarfrom the average structure. It is important to notice that since
with the CuQ octahedra remaining tilted in the HTT phase. XAFS is so fast ¢x>7,y4), it cannot distinguish between
Hence, forx=0.15, the Cu@ octahedra become disordered static and dynamic disorder. In the case of Ref. 3, no change
relative to each other to result in the zero average tilt of thén local tilts was observed in the whole temperature range
HTT phase. This disorder at low temperature is most likelyl0-300 K (LTO-HTT boundary-200 K) implying
quasistatic, as the potential barrier to activate dynamicaf>5—10 A. If the temperature induced disorder was static,
fluctuations of the Cug@ octahedra is estimatédat about MS and XAFS should have given equivalent answers since
10 meV~120 K. Evidence for static structural disorder intro- they probe similar length scales. That is certainly not the
duced with Sr doping was recently found from Kredge case as the temperature dependence@¥V,, in Ref. 1 is
XAFS measurements. quite large. This implies that the disorder is dynamic.

In the case of quasistatic disorder, XAFS and MS should The following picture arises: at low temperature theal
measure equivalent local environments for the probe atomgilts are frozen in the LTT configuration. As the temperature
As can be seen in Fig. 3 of Ref. 1 for thig=4.2 K, x) is increased thermally activated hopping of th&)apical
curve, the reduction ieQV,, with Sr is not nearly as fast as oxygens among neighboring local minima of the energy
expected from the average structure resulfsthe local tilt surfacé is allowed. Preferential occupation of two of the
were the same as tlewerageone, thex=0.26 sample would four equivalent LTT-like minima leads to the LTO average
have shown a much larger reductionei®V,, as this sample structure while equal occupation leads to the HTT structure
is very close to the HTT boundarg{0.3). Any reasonable With zero tilt average angfeAt each temperature, MS will
extrapolation of the (T=4.2 K, x) curve to eQV,, measure an effectiveQV,, which will depend on how the
=—4 mm/sec(the lowest value measured and hence astemperature-dependent hopping timg(T), compares with
sumed to be the closest to zero tilt anghéll give x>0.3.  7ys. As mentioned before, Fig. 3 of Ref. 1 shows for
This behavior implies that the local tilts fail to vanish at the x=0.26 a significant change i@QV,, from 150 to 300 K,
phase boundary, consistent with the XAFS results at loweven though diffraction shows the HTT phase is present
temperature. above 100 K. Based on the diffraction results, the four LTT

Now we direct our attention to the temperature depensites are equally populated above 100 K. The hopping time,
dence ofeQV,,. Again it is argued in Ref. 1 that the mea- however, must be changing from< ryg to 7> 7ys When
suredT dependence is consistent with tloeal tilts follow- going from 150 to 300 K, since the measured effective
ing theaveragetilts measured by diffraction. However, Figs. €QV,, decreases in the HTT phase to saturate at about 240
3 and 4 of Ref. 1 show, e.g., far=0.26, thaeQV,,changes K. A low value of eQV,, together with saturation of the
by ~40% in going from 150 to 300 K. The phase diagram(x=0.26, T) curve in Fig. 3 of Ref. 1 is indicative of MS
shows? however, that this sample is already in the HTT averaging over the four equally populated sites. The cross-
phase at abouT=100 K soeQV,, should have remained over between these two time domains is expected to occur at
constant above this temperature if thoeal tilts were the  alower temperature for higher Sr concentrations as introduc-
same as thaveragetilts, i.e., zero. The large changes ob- tion of Sr stabilizes the HTT phase. This is indeed observed
served, however, indicate that the picture presented in Ref. in Fig. 3 of Ref. 1 where théx=0.17,0.22.T) curves did not
is inadequate. saturate up td =300 K, even though diffraction shows the

XAFS shows no change iiocal tilt angle as the tempera- HTT phase above 300 K and 180 K, for=0.17 and
ture is raised in LagsSKy 1:CuQ, across the LTO to HTT x=0.22, respectively.
phase transitiod. The decreasing and ultimately vanishing  To conclude, we showed that the pure displacive model
averagetilt angle measured by diffraction was attributed to used to interpret the MS results fails to explain several fea-
increasing disorder of the Cy@ctahedra with temperature. tures of the MS data. The MS and XAFS results are not
XAFS can directly measure and quantify disorder in the arcontradictory to each other, but complementary. When the
rangement of the Cupoctahedraonly if the correlation different time scales of both techniques are considered, a
length of octahedra tilts, is smaller than the photoelectron dynamical picture for the Cufoctahedra tilts is mandatory
mean-free path), at photoelectron energies correspondingto reconcile the XAFS and MS results. The hopping time of
to the XAFS regime, i.e., 20—1000 eX£5—10 A). How- the CuQ apical oxygens between equivalent local minima
ever, even if not “visible” for XAFS, disorder in the atomic shows a crossover fromy<<7yg t0 79> 7yg at T~ 240 K for
arrangement must be present if the local structure differs=0.26 and a~0.21 for T=300 K.
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